Mitochondrial DNA is a sensitive target of chemical carcinogens (Backer and Weinstein (1980) Science 209_, 297-299), suggesting that mutations of the mitochondrial genome occur in tumor cells. We examined this point by comparing mitochondrial DNA sequences 1n four rat tumors with those of normal rat liver. Some novel mutations found inthetRNA genes of tumor mitochondria were as follows: nucleotides deletions in the aminoacyl acceptor stem of the tRNATyr gene or in the anticodon stem of the tRNA Tr P gene and insertions in the "TYC" loop of the tRNA c ys gene. These structures are extraordinary compared with those of the tRNA genes of other mammals, indicating that these mutations are each associated with a corresponding tumor.
INTRODUCTION
The mammalian mitochondrial genome has circular DNA of about 16 kilobases (kb) length arranged in an extremely economic fashion, genes for rRNAs, tRNAs and poly A-contain1ng mRNAs being encoded with only a few spacer nucleotides. Recently, the complete nucleotide sequences of human (1), mouse (2) and bovine (3) mitochondrial DNAs (mtDNAs) were determined and in each case all corresponding genes were found to be organized in the same order. The protein coding genes that have been identified so far encode the components necessary for electron transport and oxidative phosphorylation.
The mitochondrial genome is thought to be a target for some chemical cacinogens and to be altered 1n tumor cells, because their metabolites are covalently linked to more mtDNA than nuclear DNA (4) and inhibit DNA synthesis (5) or protein synthesis (6) To answer these questions, we tried to detect genomic mutations 1n mtDNAs of existing rat tumor cell lines, that is, Morris hepatoma (#5123D), Yoshida sarcoma (YS), ascites hepatomas AH-130 and AH-7974. In a series of experiments, we found insertions, deletions or substitutions of nucleotides in the genes coding for 16S rRNA, tRNAs and/or poly A-containing mRNAs of YS, AH-130 and AH-7974 mitochondria. The present paper reports studies with particular attention to variations in the tRNA genes found in YS, AH-130 and AH-7974, because the structural features of standard tRNA molecules have been well characterized and 1t is relatively easy to assess interspecific differences other than polymorphic changes. Other mutations observed in the protein coding region, as well as in the 16S rRNA gene, will be reported elsewhere.
MATERIALS AND METHODS Tumor cell 1ines
Morris hepatoma (#5123D) cells were obtained a solid tumor from Buffalo rats. Yoshida sarcoma (YS) and asdtes hepatoma AH-130 were harvested from the peritoneal cavitiy of Donryu rats, and ascites hepatoma AH-7974 cells from that of Buffalo rats. Gene cloning MtDNAs were prepared from rat tumor cells and normal rat liver of the Donryu strain and digested with restriction endonuclease BamHI (7). The resulting BamHI DNA fragments, BamA (11 kb) and BamB (5.2 kb), were cloned using pBR322 as a vector. DNA sequencing 5'-End labeling of the DNA fragment, strand separation and sequence analysis by a chemical method were performed as described by Maxam and Gilbert (8).
Gel electrophoresis and autoradiography
Agarose gel electrophoresis was carried out on horizontal slab gel in 40 mM Tris-HCl (pH 7.8), 20 mM sodium acetate, 2 mM EDTA, 0.2 pg/ml ethidium bromide at 60-70 V. Polyacrylamide gel electrophoresis was carried out on vertical slab gel (1.0 mm x 14 cm x 33 cm) in 45 mM Tris-borate (pH 8.2), 2 mM EDTA at 400-500 V. Gels were stained with 2 yg/ml ethidium bromide and photographed using Polaroid film. Sequencing gels of 8 or 15 % polyacrylamide (0.3 or 0.5 mm x 35 cm) containing 7 M urea were prepared and subjected to electrophoresis at 1000-1800 V. Autoradiography was psrformed with Kodak X-Omat XRP-1 film using an intensifying screen. •6
RESULTS
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. 0.25 . Fig.2) . As a consequence, the product of this gene would have a shorter aminoacyl acceptor stem consisting of six base pairs (Fig.3a,YS(i) ). If an A-A pair is formed, seven base pairs may be constructed using a spacer nucleotide adjacent to the 5 1 -and 3'-ends of the gene (Fig.3a, YS(ii) ).
Although the anticodon stem of tRNA rp 1n the four different mammalian species 1s well conserved, one nucleotide G 1n the right hand side of the stem in the AH-7974 gene was deleted (Fig.3b) . This deletion might result in formation of two alternative stems of either abnormal (Fig.3b, AH-7974  (i) ), or different structure, where one nucleotide from the extra-loop region could compensate for this deletion in the anticodon stem (Fig.3b,  AH-7974 (1i) ). In the latter case, the extra loop would consist of three nucleotides, a size that has been reported in only three tRNAs (3,9). The size and sequence of the "TYC" loop of mitochondrial tRNA gene were comparatively variable in the four different mammalian species. The "TVC" loop of the tRNA ys gene consisted of eight nucleotides in rats and six nucleotides in other species (Fig.3c) . In AH-130, however, this loop was ten nucleotides long because of a dinucleotide CC Insertion. This 1s extraordinary in comparison with this tRNA gene in other mammals and even with other tRNA genes of mammalian mitochondria which have a loop of nine nucleotides at most (1-3,9-12). As mentioned above, nucleotide deletion or insertion in tRNA genes of tumor mitochondria resulted in various changes of the secondary structure,
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V^c. (Fig. 2) . As there is less conservation of these loop regions in rat, mouse, bovine and human (1-3), it is, however, not clear yet whether the variation in the "D" and "TYC" loop regions were associated with specific properties of the tumor cells or polymorphic changes in the rats, from which the tumor cells were derived. Our preliminary experiments showed that the restriction patterns of mtDNAs from the liver of rats treated with DAB showed a similar pattern to those of mtDNAs from AH-130 and AH-7974 cells. We, therefore, suspect that the base replacement found in AH-130 and AH-7974 mtDNAs is induced by DAB administraion.
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In this paper, we observed "tumor-associated mutations" in mitochondrial tRNA genes from YS, AH-130 and AH-7974 cells, but the direct correlation between such mutations and carcinogenesis remains to be investegated.
